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[57] ABSTRACT 
An improved addressing means for single chip memo 
ries which include a plurality of redundant lines and 
associated cells is described. Y address signals are used 
during programming to select and program redundant 
X decoders. The redundancy apparatus is implemented 
without any additional package pins and programming 
may be performed after packaging. The apparatus in 
cludes means for permanently disabling further pro 
gramming of the redundancy circuitry to prevent inad 
vertent programming by a user. 

17 Claims, 6 Drawing Figures 
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MEMORY REDUNDANCY APPARATUS FOR 
SINGLE CHIP MEMORIES 

This is a continuation-in-part application of Ser. No. 5 
192,494 ?led Sept. 30, 1980 for MEMORY REDUN 
DANCY APPARATUS FOR SINGLE CHIP MEM 
ORIES, now U.S. Pat. No. 4,358,833. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention , 
The invention relates to the ?eld of redundant cir 

cuits, particularly for use in single chip memories. 
2. Prior Art 
It is well known to use redundant memory circuits on 

a systems level to increase reliability, and on a chip~ 
level to improve production yields. See U.S. Pat. Nos. 
4,047,163; 4,250,507 and “Circuit Implementation of 
Fusible Redundant Addresses on RAMs for Productiv 
ity Enhancement”, IBM J. Res. Develop. Volume 24 No. 
3, May 1980 by Fitzgerald and Thoma for discussions 
concerning chip level redundancy. » 

In some memories with redundant cells, faulty cell 
are ?rst identi?ed during probe testing of the wafer and 
then fuses are blown to allow selection of the redundant 
cells. In some cases, particularly on dynamic RAMs and 
EPROMs, it is preferable to select redundant cells after 
the chip has been packaged since faulty cells are often 
?rst detected after the chip has been packaged. As will 
be seen, the present invention provides a redundancy 
apparatus which permits selection of redundant cells 
after the chip has been packaged. Importantly, no extra 
package pins are required for the programming opera 
tion used to permanently select the redundant cells 
which replace the defective cells. 
One problem area which arises where redundancy 

programming is possible at the package level, is that the 
user may inadvertently reprogram the redundancy cir 
cuits. Such inadvertent programming could cause a 
user, for example, to permanently select a faulty redun 
dant line, or cause other problems. The present inven 
tion provides a mechanism for permanently disabling 
the programming circuitry, thus preventing a user from 
inadvertently programming or reprogramming. 

SUMMARY OF THE INVENTION 

The improved redundancy apparatus of the present 
invention is particularly useful in memories where ?rst 
address signals are used to select ?rst lines in an array 
such as row lines, and second address signals are used to 
select second lines, such as bit lines. The improvement 
includes a plurality of redundant row lines. Programma 
ble decoding means are included for selecting the re 
dundant row lines upon receipt by the memory of pre 
determined row address signals. These row address 
signals correspond to the addresses of the faulty row 
lines. The apparatus includes selection means which 
receives the address signals for the second lines (e. g., bit 
lines). This selection means selects the programmable 
decoding means during the programming operation, 
and includes a mechanism for preventing further pro 
gramming. In this manner, once the faulty lines in the 
array have been replaced with redundant lines, further 
inadvertent programming is permanently inhibited. 
When a redundant row is selected, all non-relevant 

rows are deselected. 

The apparatus can be used for redundant rows as 
described above, or for redundant columns by selecting 
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the programmable decoding means with the row ad 
dresses. > 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing the general layout 
of the redundant row decoders and their coupling to the 
normal row decoders and other circuitry associated 
with the redundancy apparatus of the present invention. 
FIG. 2 is an electrical schematic of the circuitry used 

to select a particular programmable decoder for pro 
gramming. 
FIG. 3 is an electrical schematic of a programmable 

buffer used in the present invention. 
FIG. 4 is an electrical schematic of an alternate em 

bodiment of the buffer of FIG. 3. 
FIG. 5 is a circuit diagram of another embodiment of 

a fuse blowing circuit. 
FIG. 6 is a circuit diagram of an alternate embodi 

ment of a programmable circuit which employs an elec 
trically programmable and electrically erasable mem 
ory cell. ‘ ' 

DETAILED DESCRIPTION OF TH 
INVENTION ' 

A redundancy apparatus which permits the selection 
of redundant lines (and associated cells) in an MOS 
memory is disclosed. In the following description, nu 
merous speci?c details, such as speci?c address arrange 
ments, etc., are set forth in order to provide a thorough 
understanding of the present invention. However, it 
will be obvious to one skilled in the art that these spe 
ci?c details are not required to practice the present 
invention. In other instances, well-known circuits are 
shown in block diagram form in order not to obscure 
the present invention in unnecessary detail. ‘ 
The redundancy apparatus of the present invention 

may be used with random-access memories (RAMs), 
electrically programmable read-only memories 
(EPROMs), electrically programmable and electrically ' 
erasable‘ read-only memories (EzPROMs), and other 
memories. The circuitry shown in FIGS. 1 through 3 is 
directed to an EPROM and particularly, an EPROM 
employing floating gate memory devices. Such 
EPROMs use a potential of approximately 20 volts 
(V pp) for the programming of the memory cells. This 
higher potential is also used to blow fuses during the 
programming of the redundancy circuitry of the present 
invention. During non-memory-programming opera 
tion of these memories, V”, is held at the Vcc potential 
(approximately 5 volts for the n-channel ?eld-effect 
transistors employed in the presently preferred embodi 
ment.) The circuit of FIG. 6 is directed to an EZPROM 
which also uses the V;7p programming potential. For 
RAMs and other memories which do not have the V”, 
potential, during the programming of the fuses, VCC is 
raised as high as possible (without damaging any of the 
devices of the memory), for example, to 9 volts for 
n-channel MOS devices. This is suf?cient potential to 
blow the fuses. 

In the presently preferred embodiment, the redun 
dancy circuit includes a plurality of polysilicon fuses 
which are selectively blown (opened) to provide pro 
gramming. These fuses have a resistance of approxi 
mately 150 ohms and require 30 ma to blow. Approxi 
mately 9 volts is suf?cient for a period of 10 msec. to 
blow a fuse. These fuses are described in U.S. Pat. No. 
3,792,319 entitled “Polycrystalline Silicon Fusible Line 
for Programming Read-Only Memories”. 
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For purposes of explanation, it is assumed for FIG. 1 
that the memory includes two redundant (extra) row 
lines. The row lines include memory cells which are 
used to replace faulty cells within the memory array. 
Redundant row A is selected by an ordinary decoder 
which is shown as a NOR gate 15. The output of this 
NOR gate (line 10) selects the redundant row A. Simi 
larly, for the redundant row B, decoder 16 selects the 
redundant row B (line 11). The redundant row decoders 
such as decoders 15 and 16 may be identical to the 
regular decoders used in the memory such as decoders 
17 and 18 which select lines 12 and 13, respectively. The 
decoders 17 and 18 and all the regular row decoders 
each receive a different combination of the row address 
signals and their complements (shown as A5 through 
A13 and their complements). The regular row decoders 
17 and 18 also receive as an input, an output signal from 
the redundant row decoders l5 and 16. Thus, line 10 is 
coupled to the input of the decoders 17 and 18, and 
likewise, line 11 is coupled to the input of the decoders 
17 and 18. If redundant row A or B is selected, all the 
regular rows in the array are deselected. This prevents 
the selection of a faulty normal row when the address 
for that row is applied to the memory. 
Each of the redundant row decoders receives input 

signals from programmable buffers, such as buffers 21 
through 26. (Buffer 21 is shown in detail in FIG. 3.) 
Each of these identical buffers for each redundant row 
decoder receives a different row address signal and its 
complement. For example, buffer 21 receives A5 and 
A5/, buffer 22, A6 and A6/, etc, and similarly, buffer 24 
for the decoder 16 receives the signals A5 and A5/, and 
so on. The buffers associated with the decoder 15 also 
receive a signal RA/, and the decoders associated with 
the decoder 16 receive a signal R3/. These signals allow 
the selection of the buffers associated with a single 
decoder for programming purposes. The generation of 
these signals shall be discussed in conjunction with 
FIG. 2. 
When a faulty row is identified in the array, the buff 

ers 21 through 23 are programmed so as to recognize 
the address of the faulty row, and upon receipt of this 
address provide all low signals to the decoder 15. This, 
in turn, (provided the signal on line 28 is low) provides 
a high output on line 10 selecting row A in lieu of the 
faulty row. Each faulty row in the array is replaced 
with a redundant row, provided there are a sufficient 
number of redundant rows. 

If there are no faulty rows, or if there are more redun 
dant rows than faulty rows, it is necessary to prevent 
the selection of unused, redundant rows. Assume, for 
example, that there are no faulty rows in the array, and 
therefore, row 10 is not to be selected by any address. 
The signal on line 28 which is coupled to the decoder 15 
prevents the selection or the row A. Line 28 is coupled 
to V”, through fuse 31, and to ground through the paral 
lel combination of the enhancement mode transistor 29 
and a depletion mode transistor 30. The transistor 29 is 
relatively large, and when it conducts, it draws suf? 
cient current from V” to blow the fuse 31. The transis' 
tor 30 is relatively small when compared to transistor 29 
and assures that line 28 remains at ground potential 
when the fuse 31 is blown. The gate of transistor 29 is 
coupled to the RA signal. This signal is brought high 
during the programming of the buffers associated with 
the decoder 15, namely, buffers 21 through 23. If these 
buffers are not programmed (meaning row A is not to 
be used), transistor 29 never conducts. The fuse 31 then 
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remains intact, and a positive potential is always cou 
pled to line 28. The positive potential on line 28 pre 
vents a high output from the redundant decoder 15. 
On the other hand, if the redundant row A is to be 

used, the buffers 21 through 23 are selected for pro 
gramming. When the RA signal is high, fuse 31 is blown 
and line 28 is thereafter coupled to ground through 
transistor 30. The low signal on line 28 assures that 
decoder 15 may be selected when the appropriate ad 
dress is applied to the buffers 21 through 23. 
The decoder 16 is coupled to receive a similar signal 

on line 33. Line 33 is coupled to V”, through a fuse, 
which fuse is blown when R); is high. Similarly, the 
programmable circuitry associated with each redundant 
row line includes a circuit receiving an “R” signal. 

It may be found that after the selection of a redundant 
row, the redundant row includes a faulty cell, and thus, 
should be discarded. While not used in the presently 
preferred embodiment, a circuit such as shown within 
dotted line 37 of FIG. 1 may be coupled to each of the 
redundant row decoders, to allow deselection of a se 
lected redundant row. A “redundant disregard” signal, 
on line 36 provides permanent deselection of the de 
coder 16. The RDS signal which controls MOS device 
38 is generated from the second address signals and the 
CE/ signal, in a manner similar to the generation of the 
RA signal described below. 

Line 36 is coupled to an inverter comprising transis 
tors 40 and 41. The gate of transistor 41 is coupled to 
V1,], through fuse 42. This fuse is coupled to ground 
through the parallel combination of transistors 38 and 
39. If the fuse 42 remains intact, transistor 41 will con 
duct and line 36 will be kept at ground potential. This 
will allow the decoder 16 to operate normally. On the 
other hand, if the row B has been selected and found to 
be faulty, a signal (RDS) will be applied to the gate of 
transistor 38, thereby blowing fuse 42. This will be keep 
line 36 permanently high since transistor 41 will not 
conduct. (Line 36 is clamped to VCC through transistor 
40.) This, in turn, will prevent the selection of the re 
dundant row line and allow another redundant row line 
to be selected to replace a faulty row line. 

In the present invention, for purposes of program 
ming the redundancy circuitry, the Y-line addresses 
(e.g., bit line addresses) are used for selecting groups of 
programmable buffers. This permits selection with no 
extra package pins. The number of the Y-line address 
bits required for programming is a function of the num 
ber of redundant lines in the memory. If, for example, 
the memory includes four redundant lines, two Y 
address bits are necessary to select each group of buffers 
for programming. However, in the presently preferred 
embodiment, one additional Y-line address is used to 
provide a distinct programming address for the perma 
nent disabling (repair inhibit) of the programming cir 
cuitry for the redundant rows. 
For the described example where two redundant 

rows are used, two address signals are required, shown 
in FIG. 2 as Aw and Ayl (and their complements). A 
different combination of each of these address signals is 
coupled to each of the NOR gates 46, 47 and 48 so as to 
enable individual selection of each of these gates by a 
different combination of these two Y-address signals. 
For example, when Ayo and Ayl are low, gate 46 may be 
selected. The gates 46, 47 and 48 also receive as an 
input, the CE; signal (line 61). The gates 46 and 47 
additionally receive as an input the repair inhibit signal 
(line 59). 
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The CE/ signal (chip enable) in addition to its normal 
function, is also coupled to the inverter 63. The output 
of the inverter 63 is coupled to the inverter 64, and the 
output of the inverter 64 is coupled to the inverter 65. 
The output of the inverter 65, (line 61) provides the 
CE,‘ signal. The inverter 63 is a low ratio inverter, that 
is, the depletion mode transistor has a large width-to 
length channel ratio, while the enhancement mode tran 
sistor has a small width-to-length channel ratio. In order 
to have a low output from the inverter 63, CE/ must be 
brought higher than its normal potential of 5 volts. 
Thus, to initiate the programming of the redundancy 
circuitry, the CE/ signal is brought above 5 volts (e. g., 
9 V). This causes a low output from inverter 63, a high 
output from inverter 64 and a low output from inverter 
65. With the CE, signal low, the outputs of the gates 46, 
47 and 48 may be brought high if the other inputs to 
these gates are low. During normaloperation of the 
memory, CE, is high preventing programming. How 
ever, as will be discussed, other means are used to assure 
that programming does not inadvertently occur even if 
CE/ is brought above 5 volts. 

Initially during the programming process the output 
of gate 48 is maintained low. This prevents transistor 53 
from conducting and couples the gate of transistor 57 to 
Vpp through the fuse 55. Line 59 is thus clamped to 
ground potential providing a low input to gates 46 and 
47. Then, with the appropriate Y-address, gate 46 may 
be selected; the RA signal is brought high and through 
inverter 50 the RA/ signal is brought low. Referring 
brie?y to FIG. 1, with RA high and RA/ low, the buff 
ers 21 through 23 may now be programmed (as will be 
described) and fuse 31 is blown. 

Next, with Ayo/ low and Ayl low, gate 47 is enabled 
such that R3 is high and through inverter 51 R3/ is low. 
This enables the programming of the programmable 
buffers 24 through 26 of FIG. 1. ' 

After the programmable buffers have been‘ pro 
grammed, the A))()/ and Ayl/ signals are brought low 
causing the output of gate 48 to rise. Transistor 53 then 
conducts blowing fuse 55. This clamps the gate of tran 
sistor 57 to ground through transistor 54 and causes the 
repair inhibit signal to be clamped to V“ through tran 
sistor 56. Once this occurs, a high output can never 
again occur from gates 46 and 47 and thus, none of the 
programmable buffers can again be programmed. This 
prevents a user from inadvertently programming the 
buffers even if the CE/ signal is raised in potential. 
Care, of course, must be taken in the sequencing of the 
programming operation to assure that a high output 
does not occur from the gate 48 until all the desired 
programming has been completed. 

Referring now to FIG. 3, a typical programmable 
buffer such as‘the buffer 21 of FIG. 1 is shown. This 
buffer receives the A5 signal on the gate of transistor 69 
and on the drain'terminal of transistor 81. The RA/ 
signal is applied to the gate of transistor 70 and thereby 
couples the gate of transistor 72 to ground. This gate is 
also coupled to V”, (or V“) through the depletion mode 
transistor 68. It is apparent that during the program 
ming of the buffer of FIG. .3, if RA/ is low (that is the 
buffer has been selected for programming) and if A5 is 
low, fuse 71 will be blown since transistor 72 conducts. 
In that event, transistor 73 will clamp node 74 to ground 
potential. 

If node 74 is at ground potential, the inverter com 
prising transistor 75 and 76 will provide a high output 
on line 77 which is coupled to the gate of the zero 
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threshold device 81. This potential is also coupled to the 
inverter comprising transistors 78 and 79. This high 
potential couples the gate of transistor 80 to ground. 
Thus, transistor 80 is not conducting, while transistor 81 
conducts with the fuse blown. During operation of the 
memory, if A5 is high, T5 will be high..On the other 
hand, if A5/ is high, T5 will be low, thus, T5 is-low only 
when A5 is low. 5 \ ' . 

If during the programming, A5 is high, transistor 69 
conducts preventing transistor 72 from conducting. 
.After the programming, node 74 is kept permanently 
high through the fuse 71. This causes transistor 76 to 
always conduct the clamps line 77 low. The output of 
the next inverter stage is high, causing transistor 80 to 
conduct. With transistor 80 conducting, T5 follows the 
A5/ signal. - 

In some memories‘, particularly in RAMs, V”, is not 
used. In these cases, one less stage of inversion is used 
for the programmable buffer. Referring now to FIG. 4, 
transistor 91 again receives the “A” address signal and 
transistor 92the R/ signal. The gate of transistor 94 is 
again pulled high through transistor 90 if neither transis 
tor 90 nor 92 conducts. This blows the fuse 93 in an 
identical manner to the fuse 71 of FIG. 3. Again refer 
ring to FIG. 4, if the fuse 93 is blown, node 101 is pulled 
to ground through transistor 95. With node 101 low, 
transistor 99 does not conduct and transistor 96 pulls the 
gate of transistor 98 high, causing the line 100 to follow 
Ax. On the other hand, if the fuse is intact, node 101 is 
high causing transistor 99 to conduct. The high poten 
tial on node 101 causes transistor 97 to conduct pulling 
the gate of transistor 98 to ground, thereby preventing 
it from conducting. Line 100 then follows A,,/. 
Assume that a faulty row in the array has been found 

or faulty cells along a row have been found and that the 
address for the row A5 through A13 is all binary ones. 
Further assume that redundant row A is to be pro 
grammed to replace the faulty row. Ayo and Ay] are 
brought low to bring RA high blowing fuse 31 and al 
lowing programming of the buffers 21 through 23. All 
the programmable buffers 21'through 23 (and the others 
for the addresses A7 through A12) are programmed such 
that their outputs are low when A5 through A13 are 
high. In the case of the buffer of FIG. 3, this requires 
that the T5 signal follow A5/, that is, transistor 80 must 
conduct. To have transistor 80 conducting as previ 
ously explained, the fuse must remain intact. This fur 
ther means that during programming A5 through A13 
reamin high so that the fuses in the buffer are not blown. 
During programming for each redundant decoder all 

the address lines ‘A5 through A13 are ?rst kept high to 
prevent any fuses from blowing. Then the signals are 
lowered one at a time when needed in order that only a 
single fuse is blown at one time. This prevents damaging 
the circuitry on the chip with excessive current. Put 
more simply, the rows addressed are changed from all 
logical ones to the addressed the defective row, one 
address bit at a time. ‘ ~ 

For each redundant row line which is to be used, the 
correct Y-address is applied to allow the programming 
of the buffer associated with that row line. Then, with 
the correct Y-address, the repair inhibit fuse 55 is blown 
preventing any additional programming. . 

Referring now to FIG. 5, another embodiment for 
the fuse blowing circuitry shown in F I68. 1 through 4 
is illustrated. The circuit of FIG. 5, by way of example, 
is intended to replace transistors 29 and 30 and fuse 31 
of FIG. 1, as well as the other fuse blowing circuits 
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shown in FIGS. 1, 2, 3, and 4. The fuse blowing circuit 
of FIG. 5 includes a fuse 105 which may be the same as 
the polysilicon-fuses previously described. The fuse 105 
is coupled in series with a parallel combination of an 
enhancement mode ?eld-effect transistor 103 and a 
?eld-effect transistor‘104. The ?eld-effect transistor 104 
has a threshold voltage of approximately 0 volts. Such 
transistors are known in the prior art and easily fabri 
cated, for example, by adjusting the doping level in the 
channel of the transistor. Transistor 104 is relatively 
small when compared to transistor 103. To blow the 
fuse 105, a potential of V“ is applied to the gate of 
transistor 104 and transistor 103 is turned-on. The large 
current drawn by transistor 103 causes the fuse to blow. 
This is analogous to the current drawn through transis-v 
tor 29 of FIG. 1 which causes fuse 31 to blow. During 
normal operation, the gate of transistor 104 is coupled 
to V“ and this transistor serves the same function as, for 
example, transistor 30 of FIG. 1, that is, it keeps node 
102 at ground potential when the fuse 105 is blown. 
The advantage to the circuit of FIG. 5 is that ‘it allows 

the resistance of a blown fuse to be checked to assure 
that the fuse is blown. When such fuses are blown, they 
do not always completely open and the remaining mate 
rial has suf?ciently low resistance to cause a problem. 
When this occurs, node 102 may not be drawn to 
ground potential as it should be. ‘ 
Assume that fuse 105 is blown, however, not com 

pletely and that it has a resistance after being blown of 
approximately 100,000 ohms. To check the resistance of 
a blown fuse, the fuse screen potential (FS/). is dropped 
to approximately 0.5 to 0.7 volts. At this potential, tran 
sistor 104 only slightly conducts, and node 102 will rise 
toward the potential applied to the fuse which is typi 
cally V“ for testing. Thus, by applying a relatively low 
potential to the transistor 104 and like transistors, and 
by sensing the potential on node 102, the effectiveness 
of the fuse blowing step can be checked. 

In another embodiment, transistor 104 may be re 
placed by a depletion mode transistor. During normal 
operation its gate would be held at ground potential. To 
check the resistance of a blown fuse, its gate would be 
taken to a negative potential where the depletion mode 
transistor would conduct only slightly. 

In the above-discussed embodiments, a fuse is used 
for programming the decoders and the other circuits 
requiring programmingA nonvolatile memory cell can 
also be used for this purpose in some applications. Cells 
are particularly useful and easy to fabricate when the 
entire memory consists of such cells. In some cases, 
however, these cells are not practical. For example, 
where an EPROM memory is fabricated using cells 
which are erasable with ultraviolet light, the redun 
dancy program into the memory will be lost when the 
memory is erased. On the other hand, where a memory 
consists of electrically erasable nonvolatile cells, the 
memory array can be erased without erasing the pro 
grammed redundancy. 
FIG. 6 illustrates a circuit which maybe used to 

replace a fuse and a fuse blowing circuit of FIGS. 1 
through 4. Comparing FIGS. 3 and 6, the transistors 
106, 107 and 1080f FIG. 6 correspond to transistors 68, 
69 and 70 of FIG. 3. This circuit to the right of the 
dotted line 109 replaces the fuse 71 and the transistors 
72 and 73 of FIG. 3. The signal on line 74 is equivalent 
to the signal on line 115 except that the signal on line 
115 is the complement of the signal on line 74. 
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The circuit to the right of line 109 of FIG. 6 includes 

an electrically erasable and electrically programmable 
memorycell 111. Typically, such cells also include a 
transistor coupled in series with the cells such as transis 
tor 113. The presently preferred embodiment for this 
nonvolatile memory cell is described in US Pat. No. 
4,203,158. A transistor 112 is coupled in parallel with 
the cell 111. The transistor 113 is coupled to Va 
through the depletion mode transistor 114. The circuit 
of FIG. 6 operates in the same manner as the circuits of 
FIGS. 3 and 4, except that rather than blowing a fuse, 
charge is transferred onto the ?oating gate of the cell 
111. 
"Thus, a redundancy apparatus for a single chip mem' 

ory has been described. No additional pins are required 
to program the redundancy circuitry and such pro 
gramming may take place once the chip has been pack 
aged. Once programming has been completed, the pro 
gramming circuit is disabled, preventing inadvertent 
programming. ' 

We claim: 
1. In a memory which includes ?rst lines selected by 

?rst’ address signals and second lines selected by second 
address signals, an improved redundancy apparatus 
comprising: 

a plurality of redundant ?rst lines; 
programmable decoder means for selecting said re 

, dundant ?rst lines upon receipt of predetermined 
ones of said ?rst address signals, said decoder 

_ means being programmed to recognize said prede 
termined ?rst address signals and, wherein said 
decoder means includes fuses which are coupled in 
series with parallel combinations of two transistors 
one of which has a threshold voltage of substan 
tially zero volts; 

selection means coupled to receive at least a portion 
of said second address signals for selection of said 
decoder means during said programming and for 
disabling programming of said decoder means 
upon receipt of certain signals; 

whereby said memory is programmed to use said 
redundant lines, and then programmed to prevent 
inadvertent programming. 

2. In a memory which includes ?rst lines selected by 
?rst address signals and second lines selected by second 
address signals, an improved redundancy apparatus 
comprising: 

a plurality of redundant ?rst lines; 
programmable decoder means for selecting said re 

dundant ?rst lines upon receipt of predetermined 
ones of said ?rst address signals, said decoder 
means beingprogrammed to recognize said prede 
termined ?rst address signals, and wherein said 
decoder means include- electrically erasable and 
electrically programmable memory cells for said 
programming; 

selection means coupled to receive at least a portion 
of said second address signals for selection of said 
decoder means during said programming and for 
disabling programming of said decoder means 
upon receipt of certain signals; 

whereby said memory is programmed to use said 
redundant lines, and then programmed to prevent 
inadvertent programming. 

3. The apparatus de?ned by claim 1 or 2 wherein said 
selection means blows a fuse upon said receipt of said 
certain signals. 1 



4,441,170 
9 

4. The apparatus de?ned by claim 3 wherein said 
certain signal is a predetermined second address. 

5. The apparatus de?ned by claim 4 wherein said 
decoder means includes polysilicon fuses which are 
selectively blown. 

6. The apparatus de?ned by claim 5 wherein said 
blowing or leaving intact said polysilicon fuses in said 
decoder means enables the selection of either a true one 
of said ?rst address signals or the complement of said 
one of said ?rst address signals. 

7. The apparatus de?ned by claim 6 including means 
for deselecting a faulty one of said redundant lines. 

8. In a memory which includes a plurality of array 
decoders coupled to receive ?rst address signals and a 
plurality of array lines selected by said array decoders, 
an improved redundancy apparatus comprising: 

a plurality of redundant lines; 
a plurality of redundant decoders for selecting said 

redundant lines, said redundant decoders coupled 
to said array decoders so as to prevent selection of 
said array lines upon selection of one of said redun 
dant lines; 

programmable gating means coupled to receive said 
?rst address signals, for programming to provide 
predetermined ?rst address signals to said redun 
dant decoders and wherein said gating means in 
cludes fuses which are coupled in series with paral 
lel combinations of two transistors one of which 
has a threshold voltage of substantially zero volts; 

selection means coupled to receive second address 
signals for selecting said gating means during said 
programming of said gating means; and 

repair inhibit means for preventing said programming 
of said gating means, said repair inhibit means cou 
pled to receive said second address signals and 
being activated by predetermined second address 
signals; 

whereby said memory may be programmed to re 
place faulty lines with said redundant lines and then 
inhibited from inadvertent programming. 

9. The apparatus de?ned by claim 8 wherein said 
gating means includes polysilicon fuses which are selec 
tively blown. 
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10. The apparatus de?ned by claim 9 wherein said 

blowing of said polysilicon fuses controls selection of 
true and complement ones of said ?rst address signals. 

11. The apparatus de?ned by claim 8 wherein said 
repair inhibit means includes a polysilicon fuse which is 
blown for said preventing of said programming. 

12. The apparatus de?ned by claim 8 including means 
for deselecting a faulty one of said redundant lines. 

13. In a memory which includes a plurality of array 
decoders coupled to receive ?rst address signals and a 
plurality of array lines selected by said array decoders, 
an improved redundancy apparatus comprising: 

a plurality of redundant lines; 
a plurality of redundant decoders for selecting said 

redundant lines, said redundant decoders coupled 
to said array decoders so as to prevent selection of 
said array lines upon selection of one of said redun 
dant lines; 

programmable gating means coupled to receive said 
?rst address signals, for programming to provide 
predetermined ?rst address signals to said redun 
dant decoders, and wherein said gating means in 
cludes electrically erasable and electrically pro 
grammable memory cells for said programming; 

selection means coupled to receive second address 
signals for selecting said gating means during said 
programming of said gating means; and 

repair inhibit means for preventing said programming 
of said gating means, said repair inhibit means cou 
pled to receive said second address signals and 
being activated by predetermined second address 
signals; 

wherein said memory may be programmed to replace 
faulty lines with said redundant lines and then in 
hibited from inadvertent programming. 

14. The apparatus de?ned by claim 13 wherein said 
gating means includes polysilicon fuses which are selec 
tively blown. 

15. The apparatus de?ned by claim 14 wherein said 
blowing of said polysilicon fuses controls selection of 
true and complement ones of said ?rst address signals. 

16. The apparatus de?ned by claim 13 wherein said 
repair inhibit means includes a polysilicon fuse which is 
blown for said preventing of said programming. 

17. The apparatus de?ned by claim 13 including 
means for deselecting a faulty one of said redundant 
lines. 

it * 1k 1|! * 
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